Anterior and postenror radial keratotomy 1972 Fyodorov and Dumev' Antenror radial keratotomy 1979 Werblin and Klyce' Epikeratoplasty 1983 Trokel et aPl Excimer laser 20 procedures to treat nearsightedness: they can be classified according to surgical technique (box)." We review the major surgical procedures currently performed in clinical practice to treat myopia, highlighting the aspects that are of interest to nonophthalmologists.
Refractive keratoplasty
The comea is the most powerful refracting surface of the eye, accounting for more than two thirds of the eye's optical power. '5 Refractive keratoplasty refers to surgical procedures designed to correct refractive error by altering the refractive state of the comea, either by changing its anterior radius of curvature or by changing its index of refraction. All refractive keratoplasty procedures attempt to change the radius of the anterior surface of the comea, except when intracomeal lenses with a high index of refraction are used. Keratomileusis is indicated for high myopia (-5 00 to -15 00 dioptres), especially when other techniques are considered insufficient to achieve a desired result.'3 After the operation it may take up to six months for the refraction to stabilise, 4 and most published series indicate that the refractive results of keratomileusis are unpredictable.2927
Major intraoperative complications include inadvertent corneal perforation (requiring a full thickness corneal transplantation), irregular disc removal, and irregular stromal carving."3 Postoperative complications include corneal opacities and irregular astigmatism leading to loss of best corrected visual acuity, as well as overcorrection and undercorrection.242728
Notwithstanding its inherent problems and difficulties, keratomileusis was the first procedure that provided correction for high myopia. In the hands of a well trained surgeon it offers a reasonable chance of permanent correction of high myopia. The (fig 2) . The patient's epithelium then re-covers the button.
Epikeratoplasty is indicated only for high myopia: of a larger range than is indicated for keratomileusis.3" The surgery decreases the refractive error in almost all eyes, but the predictability, like that of keratomileusis, is poor. Although uncorrected visual acuity is improved in most people after epikeratoplasty, only 59% achieve a refractive error within three dioptres of emmetropia, and about 30% of patients lose some best corrected visual acuity3 through irregularities of the corneal surface and loss of transparency.
Because the lenticule may be removed, epikeratoplasty has the advantage of being potentially reversible, but it is certainly not an adjustable procedure. Among the reported complications are failure of the epithelium to recover the lenticule, irregular astigmatism, loss of best corrected visual acuity, secondary microbial infection, overcorrection, and undercorrection. If epikeratoplasty is to gain widespread acceptance as a viable method of correcting myopia a suitable synthetic material must be developed. 33 Synthetic collagen has been used successfully,34 and research to develop this technique is continuing.
INTRACORNEAI LENSES
Intracorneal lenses for treating nearsightedness consist of placing a synthetic lenticule within the corneal stroma to change either the cornea's radius of curvature or its index of refraction. Two synthetic materials are currently under investigation: hydrogel and polysulphone.
The surgical technique for hydrogel intracorneal lens implantation consists of removing an anterior corneal disc with the microkeratome (identical to the keratomileusis technique), placing the lens on the corneal bed, and suturing the resected disc of cornea back into position (fig 3) . Hydrogels, because of their high water content, are permeable to water and nutrients, a key requirement for a successful intracorneal lens. Hydrogel intracorneal lenses were developed in 1981 and showed good biocompatibility and reasonable predictability in animals.3" Clinical trials controlled by the Food and Drug Administration are underway in the United States. Like epikeratoplasty, intracorneal lenses can correct higher refractive errors than can keratomileusis because there is no limit to the thickness of the material used. The major problem is using the microkeratome and cutting across the visual axis, which requires high surgical skill and increases the chance of irregular astigmatism and irreversible damage to the patient's comea. 36 Intracomeal lenses made of polysulphone, a material that has a high index of refraction, do not require altering the anterior comeal curvature to alter the refractive status of the eye. Accordingly, using the microkeratome is not necessary and the lenticule can be implanted by placing it in a comeal pocket, a simple surgical technique requiring ordinary manual instruments (fig 4) . After initial experience in humans37 implantation of solid intracorneal lenses was discontinued owing to the occurrence of aseptic necrosis of the comea in an appreciable number of eyes due to the blockage of the transport of water and nutrients to the anterior comea.38 To overcome this problem lenticules with holes less than 1 ,um in diameter were developed, and animal studies are now underway. Fluctuation of vision is common for the first three months after radial keratotomy and continues for many years as a small moming to evening change that is bothersome for some patients. Long term stability is usually achieved by three months after surgery, and about 80% of eyes remain stable thereafter. 49 In about one in five eyes, however, a continued effect of the surgery sometimes termed progressive hyperopia is experienced-the refraction moves toward hyperopia or farsightedness. 44 What proportion of the population will have this and how long it will last is unknown, but progressive hyperopia could become a major complication of radial keratotomy if most patients become hyperopic over time.
PHOTOREFRACTIVE KERATECTOMY
Excimer lasers emit ultraviolet wavelengths with high photon energy capable of breaking intermolecular bonds within proteins and other macromolecules without causing significant thermal damage to adjacent structures."' They can remove submicrometre amounts of tissue from the anterior corneal surface, alter its anterior radius of curvature, and yield a very precise refractive change.5 This procedure is called photorefractive keratectomy (fig 7) . Excimer lasers have been used in industry since the 1970s and were first introduced for ophthalmic surgery by Trokel in 1983.'9 Because of remarkable experimental results-precise and smooth corneal surfaces could be cut-they proceeded to large scale clinical trials in human eyes. 5' 52 The procedure is technically very simple. The epithelium is removed from the central cornea and the laser is activated, delivering a series of a few hundred pulses to a 4-5 mm central ablation zone over 20-60 seconds. For the correction of myopia, the central cornea is ablated most deeply, shallowing as the edge of the ablation zone is reached. 53 Early experimental studies showed that even though the procedure was States show that the excimer laser has a predictability similar to that observed after radial keratotomy.'" After one year 92% of the treated eyes were within 1 00 dioptre of the intended refraction, and none of the patients lost or gained more than one line of spectacle corrected visual acuity.5' Because of the great commercial interest, considerable publicity and exaggeration are surrounding this new procedure, as occurred with radial keratotomy. Whether or not the early claims will be borne out with more careful long term clinical studies remains to be seen.
Intraocular lens implants
Intraocular lens implantation is a type of refractive surgery that involves not the cornea but the crystalline lens. It occurs in two contexts, after cataract surgery and with the implantation of lenses in the anterior chamber in phakic eyes (eyes with their natural lens).
Cataract surgery, the most common ophthalmic surgical procedure, removes the opaque (cataractous) crystalline lens and replaces it with a clear plastic intraocular implant of an adequate power to correct the patient's refractive error. Intraocular lenses are used in over 95% of routine cataract operations in developed countries and make thick glasses or contact lenses unnecessary.
Implanting an intraocular lens in the anterior chamber of the eye to correct naturally occurring myopia in patients who have a normal lens (fig 8) was proposed by Strampelli in 1954.58 Joaquin Barraquer in Spain, during the 1950s, had much experience with these lenses59 but abandoned the idea because of adverse results.80 The main problem with these implants is the trauma to the comeal endothelium, the delicate single cell inner layer that is responsible for comeal deturgescence and clarity. Damage to the endothelium is irreversible and may result in comeal oedema and opacification.
Interest in these implants was revived recently by modified lens designs that may better preserve the endothelium.6' Even with the new designs, however, the high vault and prominent edge of the optic may produce comeal endothelial damage in some eyes. 63 The concept of the phakic intraocular implant for myopia remains an exciting one: the technique is simple and cheap, there is an unlimited supply of lenses, and the procedure avoids the surgical manipulation of the comeal stroma and the subsequent scarring and loss of visual acuity. Some essential problems remain, such as damage to the comeal endothelium, damage to the crystalline lens causing cataract, and damage to the anterior chamber angle causing intraocular pressure rise and glaucoma. 
